INTERNAL FRICTION AND DILATOMETRIC QUANTITATIVE ANALYSIS OF THE
Abstract -Internal friction is shown to be proportional to expansivity during the isothermal martensitic transformation of Fe-Ni-C alloys. Since no contribution due to dislocation mobility was observed in our internal friction results, we suggest that internal friction is due only to the mobility of the 8 -&'interface.
I -INTRODUCTION
In a previous study [ I ] , internal friction was shown to be proportional to expansivity (Q-1 = A x a ) during the isothermal martensitic transformation of a Fe-19Ni-0.51C (wt.%) alloy havi& a subzero Mb temperature. A detailed qualitative analysis of this isothermal transformation was presented recently for Fe-Ni and Fe-Ni-C alloys [2] .
The purpose of this paper is to study the influence of experimental conditions (heating rate and test frequency) on the coefficient of proportionality A for several Fe-Ni-C alloys.
I1 -EXPERIMENTAL PROCEDURE
The chemical composition, the grain size, and the Mb temperatures of the alloys studied in the present investigation, which were prepared as previously [2] , are given in Table I . Table I -Chemical composition of the alloys.
Internal friction measurements on cylindrical specimens (diameter 3 mm; useful length 50 mm) were carried out on an automatic inverted torsion pendulum [J].
Unless otherwise stated, the strain amplitude was less than €0 = 5 r 10-6 and . Cylindrical specimens were 20 mm i n length and 4 mm i n diameter. The expansivity (o< ) was obtained by taking the derivative of a cubicspline polynomial f i t t i n g performed t o the AL/L experimental data.
For both techniques, samples having an a u s t e n i t i c s t r u c t u r e were s e t up a t room temperature. After i n s i t u quenching t o Tq = 77 K (cooling r a t e : *c = 1.5 K/min) and a 100 minute isothermal holding a t t h i s temperature, meqsurements were performed during reheating t o room temperature (heating r a t e Th : see i n s e r t i n Figures). A mixed s t r u c t u r e containing about 85 pct of l e n t i c u l a r martensite and 15 pct of retained austenite i s qbtained a f t e r such a thermal cycle.
I11 -EXPERIMElNTAL RESULTS W e have reported i n Figures l ( a ) and (b) the influence of the heating r a t e ( t h ) on the i n t e r n a l f r i c t i o n and expansivity peaks obtained during the isothermal martensitic transformation. From these peaks, obtained a s previously [1,2], we found the following relationships , f o r a l l o y 4 :
T q = 7 7 K , f c = 1 . 5 K / m i n a n d f h = 1 . 5 K / m i n ;
Comparison between curves 1 and 2 shows t h a t the temperature of the maxima decrease with decreasing heating r a t e . The influence of the t e s t frequency (N) on the i n t e r n a l f r i c t i o n evolution and i n t e n s i t y of the maxima i s reported i n Figures 2(a) and (b) respectively f o r a l l o y 4. Figure 2 (a) shows t h a t the temperature of the maxima is not frequency dependent whereas Figure 2 (b) indicates t h a t the i n t e n s i t y of the maxima i s inversely proportional t o the t e s t frequency.
W e have reported i n Table I1 
Hz). I n order t o express i n t e r n a l f r i c t i o n a s a function of martensite
content, low temperature dilatometric measurements were correlated with quantit a t i v e metallographic r e s u l t s [5] . This study showed t h a t the thermal expansion obtained f o r the 3 -6 ' transformation is proportional t o the volume fract i o n of martensite (+Ixb = B x f ) i n a Fe-21Ni-0.47C (wt.$) a l l o y exhibiting
Fig. 2 -Influence of the t e s t frequency on t h e i n t e r n a l f r i c t i o n p l o t ( a ) and Q-lmaX. (b) . b u r s t , athermal and i s o t h e m a l k i n e t i c s ( B = 8.049 x 10-3). Values of B obtained
f o r a l l o y s 2 and 4, using the same procedure a s described i n [5] , a r e a l s o reported i n Table 11 . Results presented i n t h i s Table show t h a t c o e f f i c i e n t A decreases, whereas c o e f f i c i e n t B i n c r e a s e s , with increasing carbon content. The e x i s t e n c e of t h e r e l a t i o n s h i p Q -1 = A x & was demonstrated previously [I] .
AL
However, Figures 1 and 2 i n d i c a t e t h a t A depends on experimental conditions (heating r a t e and t e s t frequency) and on t h e chemical composition of the a l l o y co able 11). Values of A found f o r h = 1.5 K/min and Th = 0.15 K/min (~i~s .
l ( a ) and l ( b ) ) show t h a t A is proportional t o heating r a t e . Furthermore, s i n c e i n t e r n a l f r i c t i o n i s i n v e r s e l y proportional t o t h e t e s t frequency (~i g s . 2(a) and 2 ( b ) ) , Q-1 = A x oC can be w r i t t e n a s : C : c o n s t a n t ; N : t e s t frequency; H ( T )~+~ and Q -1 (~) [ h a r e .expansivity and i n t e r n a l f r i c t i o n values measured a t the same heating r a t e Th. Assuming t h a t thermal expansion i s proportional t o martensite content whatever t h e temperature, we have :
Considering t h a t the second term can be neglected we have f o r expression (1) :
This r e l a t i o n s h i p i s i n agreement with t h e formalism proposed by Belko e t a l . [6] and Delorme e t a l . [7] f o r athermal m a r t e n s i t i c transformations. However, s i n c e f o r isothermal m a r t e n s i t i c transformations martensite content is time and temperature dependent, expression (1) i s v a l i d only f o r comparison between i n t e r n a l f r i c t i o n and d i l a t o m e t r i c evolutions obtained a t t h e same heating r a t e .
W e suggest t h a t i n t e r n a l f r i c t i o n measured during m a r t e n s i t i c transformation can be expressed a s :
The first term (Q-l), which we a s s o c i a t e t o t h e mobility of the 5 -d ' i n t e r f a c e , 
W e believe t h a t t h i s second term, i n e x i s t e n t i n t h e case of t h e isothermal m a r t e n s i t i c transformation s i n c e Q-1 tends t o zero f o r high frequency experiments (Figures 2(a) and 2 ( b ) ) but observed during t h e athermal m a r t e n s i t i c transformation i n Fe-Ni-C a l l o y s [ll], can a l s o be a t t r i b u t e d t o d i s l o c a t i o n mobility. The absence of the d i s l o c a t i o n mobility c o n t r ibution (Q-9) during t h e isothermal m a r t e n s i t i c transformation i s i n agreement
with previous s t u d i e s [2] , i n which we suggested t h a t t h e isothermal transformat i o n reduces the l e v e l of t h e i n t e r n a l s t r e s s e s i n t h e v i c i n i t y of t h e athermal m a r t e n s i t i c p l a t e s . Consequently, we propose t h a t t h e second term of expression (4) should be a s s o c i a t e d t o t h e mobility of t h e d i s l o c a t i o n s c r e a t e d by t h e athermal m a r t e n s i t i c transformation.
